Detailed analysis of the band distribution of segment-type (SLS) ordered aggregates (in which the tropocollagen macromolecules are packed in parallel array with all like features in accurate transverse register') obtained by addition of adenosine triphosphate (ATP) to sonically irradiated solutions of tropocollagen (TC) led to the suggestion2 that "end-chains" may be involved in the formation of linear polymers of TC, i.e., protofibrils. In this picture, the TC macromolecule in solution is considered to comprise three chains coiled about one another in the characteristic helical configuration deduced from large-angle x-ray diffraction studies,3 with relatively short (100-200 A) peptide appendages at both ends, presumably in a random-coil configuration when the monomers are free in solution. End-to-end polymerization would thus involve an orderly interaction of peptide end-chains, possibly to form an ordered helical structure. It seemed desirable, therefore, to attempt the isolation and characterization of such peptide end-chains (or fragments thereof), preferably by means of specific enzyme action.
The possibility that proteolytic enzymes could be usefully employed in such an attempt was given force by the reports in the literature that, while enzymes such as trypsin and chymotrypsin rapidly attack the randomly coiled polypeptide chains of denatured collagen (gelatin), reducing them to peptides with terminal groups compatible with the known specificities of these enzymes,4 they appear to be impotent when confronted with the intact three-chain helical configuration of native collagen fibrils and also tropocollagen in solution.5 Collagenase on the other hand rapidly reduces native collagen macromolecules to a large number of peptides,6 in accord with its specificity. The postulated peptide "end-chains" of the TC macromolecule in solution would presumably be in a random-coil configuration, and hence at least partially accessible to enzyme attack. derived from untreated solutions. It is clear that whereas collagenase destroys the helical internal structure of the macromolecule and therefore the characteristic distribution of side-chain charges, the other proteases used (trypsin, chymotrypsin, pepsin) do not attack this internally organized structure in the native macromolecules, but only the protruding terminal peptide chains.
The above interpretation of the action of proteases is supported by observations on the physico-chemical properties of collagen solutions subjected to enzyme attack. The results obtained with trypsin on collagen held in solution at pH 7-8 in solution. Similar behavior was observed with pepsin in acid solutions. Under such conditions there is no detectable change in the optical rotatory properties of the solutions, and pH-stat observations on a similar collagen solution (differing only in that it lacked buffer) showed a rapid breaking of a small number of bonds, with the curve soon leveling off at a low value of about 12 bonds per mole of collagen (assuming a molecular weight of 360,000). These data are consistent with a XI depolymerizing activity of the _ x.-X..X. collagen previously subjected to enzyme treatment. The viscosity of untreated solutions rises steadily during such a dialysis,'4 the final result being a gel of very low opacity and consisting of thin filaments which may be of native type (see preceding article); (3) the abnormal homologous type of end-to-end interaction observed in the formation of SLS-type precipitates from sonically irradiated collagen solutions2 is prevented. The SLS structures obtained after pepsin treatment of these irradiated solutions are predominantly of monomeric form, very few, if any, polymeric SLS forms being (Fig. 3) . It is evident from these data that the effect on thermal gelation is dependent on the enzyme concentration, a conclusion supported by observations on the same solutions after incubation with the enzyme, but prior to warming. As shown in Fig. 4 , the relative viscosities of the various solutions exhibit a dependence on enzyme concentration such that no further lowering of viscosity is achieved beyond trypsin concentrations of about 10. per cent. The effect of viscosity seems to be directly correlated with the reduced rate of increase in optical density observed on warming. These data suggest that the enzyme moiety responsible for the effects may be inactivated during the process and that the effects could be due to contaminants rather than to tryptic activity itself. It may reasonably be concluded that the action of many proteases (with the exception of collagenases) on collagen solutions is a depolymerizing activity when linear polymers of TC are present, and a proteolytic activity confined to very limited susceptible regions extending beyond the triple-helix body of the native TC macromolecule. The pronounced effect of proteases on the end-to-end polymerization properties of TC macromolecules, together with the fact that the "single segment" band pattern of SLS-type aggregates derived from enzymetreated collagen solutions is identical with that for single segments from control solutions (i.e., the distribution of polar groups capable of binding heavy metal stains such as PTA is unaffected), suggests strongly that the proteolytic activity is confined to "end regions" of the TC macromolecule and perhaps corresponds to the liberation of one or more peptides'9 from one or both of the postulated "end-chains" or portions thereof. 24 In view of this possibility, efforts were directed toward the isolation and characterization of any such products (presumably peptides). Experiments were carried out utilizing mainly the techniques of curtain paper electrophoresis and twodimensional paper chromatography. For purposes of simplification the scope of the analysis was substantially narrowed in the following way: In the first place, it seems to be a generally accepted fact that the most highly purified collagen solutions still contain a relatively small but definite amount of tyrosine," 20 and furthermore, that purification treatments which result in the removal of the tyrosine content concomitantly abolish the capacity of the preparation to yield ordered fibrous structures of native type. This result in itself suggests that the tyrosine may be located in relatively accessible and critical regions of the macromolecules, possibly at the ends. The probability that the tyrosyl residues are so located that they play an important role in the interaction properties of the TC macromolecules is further strengthened by the observation of Bensusan2' that iodination markedly accelerates the thermal gelation of neutral salt solutions of collagen. With the exception of histidine, which reacts only very slowly with iodine, tyrosine is the only amino acid in TC that can be iodinated. An additional pointer in this general direction was the report that a tyrosine-containing peptide, the "S." peptide, had been isolated from tryptic digests of thermally denatured collagen preparations. 4 This suggested the desirability of determining whether tyrosine-containing pep- tides are liberated by the action of proteases on the TC macromolecule, and to this end the technique of paper curtain electrophoresis was employed. So far we have studied only the activity of trypsin in this respect. The tryptic digests were iodinated, using iodine22 containing the radioactive isotope I'3l. The results of a control run with trypsin alone, a run with native (undenatured) collagen in solution after incubation with trypsin, and a run with trypsin and collagen heat-denatured according to the methods described by Grassmann tion I was too small to be detected on the paper by staining with either ninhydrin or amido-black, it was easily detectable by means of its I'3l activity. The high relative specific activity found for Fraction I indicated that this peptide fraction must be rich in tyrosine, and this conclusion was confirmed by two-dimensional paper chromatography of an acid hydrolysate (Fig. 7) . As was to be expected from its electrophoretic behavior, the chromatogram of Fr. I shows a preponderance of acidic amino acids and a paucity of basic amino acids among the polar residues. This fraction also contains hydroxyproline (in low concentration) and a considerable proportion of tyrosine, some of which is present in the hydrolysate as the monoiodo compound, the latter spot being radioactive. (1955) . 21 Bensusan, H. B., Federation Proc., 18, 190 (1959) . 22 We are indebted to Dr. J. B. Stanbury, of the Massachusetts General Hospital, for supplying the I'll. 23 According to Grassmann (personal communication) the trypsin used by the Munich group in obtaining the S peptide was also not electrophoretically pure; it is possible that chymotrypsin, present as an impurity, may have been responsible for the result. 24 It is suggested that certain pathological processes such as lathyrism or the similar condition produced by lathyrogenic reagents (cf. Levene, C. I., and J. Gross Investigation of various aldehyde dehydrogenases obtained from a variety of sources and representing a range of specificity has revealed at least two characteristics common and, in part, unique to the enzymatic oxidation of aldehydes. These include inhibition by low concentrations of arsenite" 2 and the aldehyde substrate.3 4 The susceptibility to arsenite has been ascribed to the presence of closely juxtaposed sulfhydryl groups on the protein; lipoic acid has been ruled out as a participant.2 A distinct possibility in accounting for arsenite inhibition involves a structure with two cysteine moieties brought into proper position by the helical coiling of an amino acid chain. This interpretation is strengthened by the observation that a dimercaptan is able to reverse the inhibition. Indeed, in those cases where aldehyde dehydrogenase activity is manifest in the absence of exogenous sulfhydryl compounds, arsenite was inhibitory only in the presence of a mercaptan. I A means of investigating the site of attachment of the two substrates, aldehyde
